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Wild =a Rice =clfiui&nl .ffJil.lmmary =liof:ling\ =a and =a Preliminary =a RecommAndations 
legislative =a Briefing =a Do&lmnlr,y,!Jtaa 2014 

:::::::o 

Background: =:til 
In :::::::o 2011, :::::::o the :::::::o Minnesota :::::::o Legislature :::::::o appropriated :::::::o funding :::::::o and :::::::o directed :::::::o the :::::::o Min 
Agency :::::::o (M~o conduct :::::::o research :::::::o on :::::::o the :::::::o effects :::::::o of :::::::o sulfate :::::::o and :::::::o other :::::::o subs 
This :::::::o research :::::::o was :::::::o intended :::::::o to :::::::o inform :::::::o an :::::::o evaluation :::::::o of :::::::.d~d::$)iBJ~ =:oo wild 
MPCA :::::::o ado~ :::::::o the :::::::o U.S. :::::::o EnvironmentalgemfrO:"Ili!~tJo~t'!c:l%ed :::::::o that :::::::o stliadil<litprotect :::::::o the 
beneficial :::::::o use :::::::o of :::::::o {{water :::::::o used :::::::o for :::::::o production :::::::o of :::::::o wild :::::::o rice" :::::::o during :::::::o period! 
damage :::::::o by :::::::o high :::::::o sulfate :::::::o levels." :::::::o (Minn. :::::::o II.o:::::::o 7050.0224, :::::::o subpart :::::::o 2). 

:::::::o 

Following :::::::o the :::::::o develcipmen:t :=a detailed :::::::o research :::::::o protocol :::::::o in :::::::o 2011, :::::::o in :::::::o 2012 :::::::o the 
groups :::::::o of :::::::o scientists :::::::oat :::::::o the :::::::o University :::::::o of :::::::o Mil'llliimOfuul'liii=Ebalut:h::::::::a~ and WiJctrWid RicreCiU 
Standards :::::::o Studlrf=. Sllil:ly's :::::::o main :::::::o hyjmt6est6laEO:::o wild :::::::o ricEby:::::::ffaso:Jfu~p~deta ffi the :::::::o conversior 
sulfate :::::::o to :::::::o sulfide :::::::o in :::::::o the :::::::o rootifi@d!ad::::idmelleal!ioli ::::::::ml1Was ~Ji[betlB!Inber :::::::o 2013 :::::::o and -
documented ::::::: o in ::::::: o individual ::::::: o reports ::::::: o fro!1Qwo ThETa:bhe:s:Eil3llclieGlsfor Stilay :::J:a&oOTTTJHTI')leO::ffiffif ::::::: o 

:::::::o 

During :::::::rul:l:ny :::::::o and :::::::o February :::::::o 2014, :::::::o MPd.tfiti!l:md:!¥feJmJtiSJteg~ea:lytfu!! :::::::o data :::::::o as :::::::o a :::::::o wh< 
gained :::::::o input :::::::o from :::::::o the :::::::o Wild :::::::o Rice :::::::o Standards ~adito:ll\'remi~thllgt ::::::::ffiroonritlai~; :::J:ao 
data, :::::::o other :::::::o relevant :::::::o scientific :::::::o studies/infarfil@tiah,::::::::O<fi>aii6l ::::::::«Jfimlle :::::::o the =a wild :::::::o rice :::::::o sulf< 
develop :::::::o findings :::::::o and =a preliminary =a recommendations :::::::o rel@ffi~gva:Jacttieg::::::::a&tl3edarmlexisting :::::::o s 
standard, :::::::o the :::::::o MPCA :::::::o has :::::::o the :::::::o responsibility :::::::o of :::::::o demonstrating :::::::o thatsra1Jc:Jmvl ::::::::mlrecom 
have :::::::o a :::::::o scientific :::::::o basis :::::::o and :::::::o would :::::::o protect :::::::o the :::::::o beneficial :::::::o use :::::::o Ofo:::::::o {{water ::::::: 

:::::::o 

Findings =a and =a Preliminary =a Recommendations =a Regarding =a the =a Wild =a Rice =a Sulfate =a St 

Key Ii'lillhgs: ::::::: o 
1. Sulfate =a is =a not =a directly =a.tmdcBOI6tO::dJ:6tWifi:lJ Mtate::r&!lserudi9 Do aomm:Jtit~d::::ffi<tihe :::::::o 

Minnesota C:6smber :::::::o of :::::::o Commerce :::::::o support :::::::o this :::::::o conclusion. :::::::o However, :::::::o sulfate :::::::o in 
converted :::::::o by :::::::o bacteria :::::::o to :::::::o sulfide :::::::o in :::::::o th~o::rcddti§gre::::::mzbll)e :::::::o of :::::::o wild :::::::o rice 

2. Sulfide ::::::a isc :::::::::aauxx =a wliii!J Dmrhzw.CA ::::i::ffi8tad¥trated tficBt ::::::: o elevated ::::::: o sulfide ::::::: o concentrations ::::::: o w 
toxic :::::::o to :::::::o wild :::::::o ri~dr:Gpmedlingsexperiment :::::::o data :::::::o showed :::::::o deleterious =a effects :::::::o of ::::::: 
seedling :::::::o plant :::::::o growth :::::::o when :::::::o sulfide :::::::o exceeded :::::::o tlhe :::::::::ffi range :::::::o of :::::::o 150 :::::::o to :::::::o 3( 

3. Sulfide :::::a in =a the :::::a sediment =a is ::::::a affected ::::::a by :::::a the =a amount =a of =a sulfate =a in =a 
iron =a in =a the LJd:::S:'i!abnbentio::frnmajOdty ~ ::::a tlampling :::::::o sites :::::::o show :::::::o that :::::::o the :::::::orange 
11g/L :::::::o sulfide ::::si<iiilmedtttmatea :::::::o to :::::::oGIDiwihwaterccfuftentration :::::::o of :::::::o sulfAt!t =a !M~e11!il16:.:1l 
mg/L. :::::::o This :::::::orange :::::::o illaatrebianS::OJ:btle:::J«!!o of :::::::o the :::::::o field :::::::o sites :::::::o are :::::::o more :::::::o effecti\ 
converting :::::::o sulfate :::::::o to :::J:adn;ulii:il~art :::::::o due :::::::o to :::::::o the :::::::o availabili~o::od5 lftgllitiDrQi!Io in :::::::o the ::: 

=a 
Preliminary C:Oaclusions -o l!edommendations: :::::::o 
1. The ma:::::::a mg/L :::::::&1iil.dtiB:Ed OOileAded ::::a and ::::a reasonable :::::a to ::::a protect ::::a wild :::::a riq!Cl~roduct 

driven ::::a sulfide =a tmicil~ MPCA :::::::o will :::::::o also :::::::o consider :::::::o including :::::::o a :::::::o sediment :::::::o sulfide 
component :::::::o of :::::::o this :::::::o water :::::::o quality :::::::o standard, :::::::o ~/Io:ll:'ie;u1Ii:1Iciimge :::::::o of :::::::o 150 :::::::o to ::::::: 

2. The :::::a 10 =a mg/L ::::a wild =a rice ::::a sulfate ::::a standard :::::a should ::::a continue .=:aetd\slB~ppd¥ llB to 
the :::::::o field :::::::o data :::::::o does :::::::o not :::::::o support :::::::o placing :::::::o la~cl~ita!ad :::J:adrnneamsa\ZaG'J<iuiDttity:;::d:::Sipm 
water :::::::o body :::::::o type, :::::::o appears :::::::o to :::::::o be :::::::othe:::::ffm8¥lru:ermatimllllingo off:fildtrulfide in :::::::o 

3. Sitelspiiliic ::::a standards :Jijfta:ted fOad :::::a some :::::::a~S!rable :::::::o data :::::::o suggest :::::::o that :::::::o in ::::a some 
development :::::::o of ~i:ltificd SltEstandard :::::::o would :::::::o l:nfO::::::tl JM~xdecri:'ireice :::::::o production. :::::::o This :::::::o is -
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occur [Join [Jo waters [Jo where [Jo the [Jo sediment [Jo iron [Jo is [Jo elevated [Jo and [Jo therefore [Jo; 

concentration [Jo may [Jo not [Jo result [Join [Jo a [Jo sulfide [Jo sediment :::Jig,Cbn~trrlaeirtm ::::::ffiaareoillil a:J& 
data [Jo to [Jo suggest :=jSJl~ftc =:Da:lstaltildiita [Jo lower [Jo than [Jo 10 [Jo mg/L [Jo may [Jo be [Jo needed 

is [Jo more [Jo efficiently [Jo converteoo[Jo to [Jo sulfide. 

4. MPCA [JcJ will continue =a to :::Ja explore :::Ja if :::Ja the =a sulfate =a standar~ rr.Jw&ktea:J lridetdJaJa p1 

production. The = o Study = o data = o do = o not ::=j(!i~estd WiJdlharo :r:i&pao«!!'fs = o less = o susceptible = o 1 

elevated [Jo sulfide. [Jo However,l ~o ~ement [Jcwita:ei; [Jo associated [Jo with [Jo paddy [Jo wild 

production li:Rely [Jo reduce [Jo the [Jo potential [Jo for [Jo sulfide [Jo proooction [Join [Jo the [Jo sediment 

5. MPCA :::Ja does =a not :::Ja currently :::Ja have :::Ja a :::Ja recommendation :::Ja regarding =a the =a "period 

to =a sulfate :::Ja effects, =a but tmmWila~enfiRilDI!ata :::Jato =a further :::Ja e>ijiiu;e~s=:oa question. 
incubation [Jo experirn:IBtl3 _ffi show [Jo that [Jo sulfate [Jo can [Jo be [Jo converted [Jo to [Jo sulfide [Join 

conditions, [Jo and seditllnelllt:s:i.Mide [Jo concentrations [Jo decrease [Jo once [Jo sulfate [Jo concentrations = 

overlying [Jo water [Jo decrease. [Jo This [Jo is [Jo a [Jo complex [Jo interaction [Jo and [Jo more [Jo data 

recommendations [Jo can [Jo be [Jo developed [Jo about [Jo this [Jo important [Jo question; [Jo any [Jo recc 

to = o considellSJ:l~~ = o factors = o that = o affect. ::::::ffithis = o question 

6. Consideration :::Ja should :::Ja be =a given :::Jato =a changing :::Ja the =a use :::Ja class:ffija::o.t l'iZII~e[JiOcisw]c 

considering [Jo moving [Jo the [Jo wild [Jo rice [Jo sulfate [Jo standard [Jo from [Jo Class [Jo 4 [Jo where = 

creating [Jo a [Jo new [Jo subclass [Jo to [Joaeau:f~ si.IIdlattleat=ffet:t:mma:r:cdl wKlk:is:::IOo designed [Jo to [Jo protect 

wild [Jo rice [Jo grains [Jo for [Jo consumption [Jo by [Jo humans [Jo and [Jo wildlife. [Jo The [Jo MPCA [Jo 

{{water [Jo used [Jo for [Jo productio.fi I:I!fiof::O::l\71Ml-tl :::Jtlln~ [Jo received [Jo comments :Imgasseri5ngd:::n'bth~ 

the [Jo best [Jo descriptor [Jo for [Jo natural [Jo stands [Jo of [Jo wild [Jo rice [Jo that =~ovide [Jo bene 
[Jo 

Next :::Ja Steps 

• In [Jo late [Jo March, [Jo MPCA [Jo will [Jo meet [Jo with [Jo the [Jo Wild [Jo Rice [Jo Sulfate [Jo Standards :: 
Tribes [Join [Jo separate [Jo mteeri<mgl:lei:ro::td fEE!c:l!mck [Jo orfin:dlrt~i! =ffi!MB!Mi'oaBto [Jo 

Recommendations. 1\ZI:~A [Jo will [Jo also [Jo continue [Jo to [Jo seek [Jo feedback [Jo from [J0::t:JSEPA [Jo 

• MPCA [Jo technical [Jo staff [Jo will [Jo continue [Jo to [Jo develop [Jo and [Jo assemble [Jo material [Jo 1 
that [Jo will [Jo be [Jo used [Join [Jo wild [Jo rice [Jo rulemaking. [Jo Further [Jo analysis [Jo of [Jo results 

experiments [Jo and [Jo sediment [Jo incubation [Jo study JSM>MII :::Jffiwl~p =fficmniiotaipp~tep [Jo refine 

recommendations liaeed = d:lum =ffi input = o receillhi6l d:llil:~d:::J 0: o anaJys:Jtil 

• The [Jo MPCA [JCbiBtr:ad:i:rlgo:::IOam:r [Jocmpafitc [Jo review [Jo of [Jo the [Jo wild [Jo rice [Jo study [Jo report: 

aspects [Jo of [Jo the [Jo MPCA's [Jo preliminary [Jo recommendations [Jo and [Jo rationale [Jo about [Jowl 

current =~L [Jo wild [Jo rice [Joarollfare iS::::O::tiltwmlranted, [Jo and ffie t::llii8ngtl9. n:afue~OMe-6 [Jo 

panel Wikll [Jo libeiy[J:O<ionverred::o late [Jo sprjngo::::a«!!<lO:Hl will [Jo include [Jo the [Jo opportunity [Jo for [Jo ir 

stakeholders/members [Jo of [Jo the [Jo public [Jo to .[J:O::Cfiddress [Jo the [Jo panel 

• In [Jo a [Jo parallel [Jo effort :I:h'gMM.OO :::JMg:jestelwprK:o factors [Jo that [Jo will [Jo help [Jo identify [Jo spec 
{{water [Jo used [Jo for Do production [Jo of [Jo wild [Jo rice." [Jo Th~Gclbdete:rmJvititiO:tm>be:o::::afldseill 
inform [Jo rulemaking [Jo to [Jo identify [Jo specific [Jo waterbodies [Jo aan[J:Od'mte:ro wild.Jsed rll:::Q}'for:::O::io pl 

Minnesota [Jo Rules [Jo Chapter [Jo 7050. [Jo The [Jo goal [Jo is [Jo to [Jo put 'jlfi~€hipi.I!Oiifudaits [Jo or 
comment [Jo period [Join [Jo March [Jo 2014. [Jo Comments [Jo received [Jo will [Jo 6:Eil [Jo used [Jo to [Jc 

• Any [Jo proposed [Jo change [Jo to [Jo the wo!Wild[JodlJ~eiceo:::ai!lapmdarooWo [Jo Minnesota's [Jo water [Jo 
standard [Jo rule [Jo (Minnesota [Jo Rules [Jo Chapter [Jo 7050) [Join [Jo accordance [Jo with [Jo the [Jo rE 

Administrative [Jo Procedures [Jo Act [Jo and [Jo would [Jo require [Jo the [Jo approval [Jo of [Jo the [Jo U~ 

for [Joih~v[Jo the [Jo rule [Jo package [Jo ready [Jo for [Jo p.u6l::fi0 :::Jt!J notice [Jo and [Jo comment 
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Considerations LJd 

• As [Jo a [Jo result [Jo of [Jo the [Jo Wild [Jo Rice [Jo Sulfate [Jo Standard [Jo Study [Jo and [Jo other [Jo de: 

much [Jo better [Jo understanding [Jo of [Jo the [Jo relationship [Jo betwdEeneffj WllllsLilfllm:e::::O::i:m prneheE 

water [Jo column, [Jo and [Jo sulfide [Jo and Do iron [Join [Jo sediment [Jo porewater. [Jo This [Jo include! 
hypothesis [Jo that [Jo sulfate [Jo is [Jo not [Jo directly [Jo toxic [Jo to [Jo wild [Jo rice, [Jo but [Jo is [Jo cc 

rice LJo (this LJo is LJo ~orfl=rly<frd~ics LJo and LJolield LJo data). LJo 

o This [Jo enhanced [Jo understanding [Jo is [Jo very [Jo important Do because [Jo it [Jo helps [Jo exp 

waterbodies [Jo have [Jo elevated [Jo sulfate [Jo concentrations [Jo and [Jo apparently [Jo healthy [J 

most [Jo waterbodies [Jo that [Jo hav6:1dLJ:O&wi:messnwlbeo3 '\fLo have [Jo relatively [Jo low LJ:O&ulfate 

o This [Jo enhcm!CiBderstanding--:::wtdch [Jo MPCA [Jo did [Jo not [Jo have ..::::Wljii"iO:rd 6&!! rooih'italhml:lltl!! Sh 

in [Jo implementing [Jo the [Jo wild [Jo rice [Jo sulfate [Jo standard. [Jo This [Jo will [Jo be [Jo parti 

need [Jo for]sp~tihe [Jo standards [Jo and [Jo developing [Jo Sill::h [Jo standards. [Jo 

• Any LJo changes LJo to LJo the LJo current LJo wild Do rice LJo sulfate LJo standard 11Ifi Wilkl! Clealr.llkeo:::Wamne 
Act [Jo requires [Jo implementation [Jo of [Jo the [Jo existing [Jo standard [Jo while ::::bllilliJqgli::O::prt:tJIDs:ed [J 

administrative [Jo process [Jo and [Jo USEP~o[Jo approval. [Jo 

• The [Jo M~tewl:lter permitting [Jo approach [Jo for [Jo the [Jo current [Jo wild [Jo rice [Jo Sl.Ofate [Jo stan 

[Jo 

[Jo 

o Where [Jo elevated [Jo discharge [Jo sulfate [Jo levels [Jo are [Jo suspected [Jo but [Jo no [Jo sulfc: 
discharge LJmitmring [Jo requirements [Jo aaeldeaJ ~ =:ffi NPDES [Jo permits [Jo as [Jo they [Jo cor 

reissuance eiitl!!ry [J o five = O::fears 

o If d:l:Siharge ~fu LJo collected LJo dthing =:ffi\jlllmmTI:a!lLJo cycle LJo indicate LJo avil::IJatjeotedtliee =:ffito 
sulfate LJo standard LJo for Do wild LJo rice, LJofmtd =:Dffiit:::IDCWaterollete:rooneaJ fOo t=o production -

may LJo be LJo laffe£tl=the::::O::o discharge, LJo a LJo discharge LJo limit LJo will LJo be LJo addeooLJo to 

o If [Jo discharge [Jo limits [Jo cannot [Jo be [Jo met [Jo immediately [Jo a [Jo schedule [Jo of [Jo camp! 

permit [Jo to LJoraiTI:lW;te!liEf [Jo such [Jo as [Jo evaluation [Jo of [Jo treatment [Jo technologies, [Jo d 

funds, [Jo and [Jo constri.Idion. [Jo 

o The [Jo compliance [Jo schedule [Jo will [Jo contain [Jo a [Jo requirement [Jo that Do the [Jo facility 

compliance LJo withlimat:nro:::m&oon LJo as LJo possible LJo me =msru:m,nasco~WI~varmathe LJo applicc: 
for [Jo permit [Jo reisSill!nce. 

• It [Jo is [Jo important [Jo to [Jo note [Jo that [Jo the [Jo sulfate [Jo discharge [Jo limit [Jo inclt 

identical [Jo to [Jo the [Jo wild [Jo rice [Jo sulfate [Jo standard. [Jo When [Jo setting [Jo disc 

variables [Jo such li.Itdbar6 iilidi [Jo the [Jo receiving [Jo water [Jo and [Jo distance [Jo betwee 
point [Jo and [Jo the [Jo water [Jo used [Jo for [Jo production [Jo of [Jo wild [Jo rice. [Jo Th 

the [J o standard [J o is [J o achieved [J o at [J o the [J o water [J o used [J o for [J o production. 

o Note LJo that LJo in LJo accordance LJolliii:idihpli:aocfede~lscEedsw,s LJo and LJo variances LJo are LJo typ 
allowed [Jo for [Jo new [Jo dischargers, [Jo which [Jo must [Jo meet [Jo the [Jo effluent [Jo limit [Ja 

operations. [J o 

• Implementation [Jo of [Jo the [Jo existing [Jo standard [Jo does [Jo not [Jo preclude [Jo permitted [Jo facil 

specific [Jo wild [Jo rice [Jo sulfate [Jo standard. [Jo [Jo The [Jo MPCA [Jo can [Jo e~jlc::::O::the [Jo kr 

standards [Jo immediately, [Jo where [Jo conditions [Jo indicate [Jo that [Jo such [Jo a [Jo standard [Jo I 

exploring [Jo options [Jo for [Jo aqf4ij~dfig =:iX!stimdards LJftreqiletficienfl';J LJd 

3 [Jo 
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Table Cd 1. Cd Purpose, Cd strengths, Cd and Cd limitations ::::1JOOf Cd Study Cd components. 

Main Do 
Purpose 

Endpoints 

Key Do 
Strengths 

Expand Do Evaluate Do Evaluate Dd effe1 Evaluate Do Characterize Do Evaluate Do effe~ 
understanding Do effects Do of De of Do sulfide Do effects Do of D sulfate, Do sulfh of Do temperatu 
environmental Do sulfate Do on D wild Do rice Do sulfate Do on [ and Do iron Do on Do movemen 
conditions Do rice Do seed Do germination Do rice Dd plants [ rooting Do zone of Do sulfate DC 
correlated Do witl germination Do and Do growth [ over Do full Do wild Do rice Do and Do out Doc 
presence/ Do and Do growth sprouts. o:5d Do cycle, ana Do container Do underlying Do 
absence Do of DC sprouts. Do Do multiple Do yea experiments Dd sediment. 
rice. and Do field DC 

Concentrations u( Growth Do of C Growth Co of 0 Growth Do of 
of Od chemicals C rice Oib~s Do rice Dd sprouts rice Do (biomas 
surface Do water (biomass, Do roc (biomass, Co roc plus iJo number 
rooting Do zone [ & Do shoot CJo & Dd shoot Dd weight Do of 
(e.g. Dd &IDIJ~ lf!Jo elongation). Do elongation). Do seeds). 

4 2 
vs. Dd wild iJd ric Germination Do Germination Do Sulfide iJo 

occurrence). rate Do of Do Sl rate Do of DOJl:ii concentrations 
in Do rootm~ 

Most Do reflectivE Controlled Do 
of Do actual Do dose1rlel~®il.se 
environmental Do experiment. Do 
conditions. Do Controlled Do 
Multiple Do wild exposure Do to 

zone. 

Controlled iJo Controlled Do 
dose1rs~®il.se D dose1rlel~se [ 
experiment. Do experiment. Do 
Controlled Do Includes Do 
exposure Do to 
known Do 

natural Do 
sediment iJo 

Concentrations i Sulfate Do 
of Do sulfate, L concentrations '--
sulfide Do and in Co overlying L 

iron Do in Do water Do over _ 
porewater. Do time; D~,SOojr6i 

Provides Do 

H s, Do & iJa ar 
2 

tracers Do in De 
sediment iJa 
porewater. 0 a 
Simple Do model 

Controlled Do 
additional Do de experiment Do 
to Do understan with Do natural 
and Do interpre· sediment Dd and 
container Dd water. Do 
experiments Do rice Dd stands DC known Do 

breadth Do of De concentrations [ 
characteristics Do of D~.SO 
sampled. Dim 

concentrations [ matrix Do as D and Do field Die 
of g~. HCo rooting Do 

environment. D 
Involves Do enti 
growth Do cycle 
multiple Do yea 

Key Do Least Do control!€ Only Do evaluatE Only Do evaluate Full Do effect ' Utility Do lies :::: Provides Do 
Limitations Annual Do visit u early Do growth early Do growth sulfate Do may the Do integraH preliminary Do 

most Do sites, 0( stages. Do stages. Do take Do longer of Do this Dod assessment Do o 
3x/year Do for D1 Leading Do Unable Do to D< than Do several with Dodlilmer [ sediment Do fror 
subset. Do hypothesis Do is simultaneously :::: years Clo to Do Study Do two Do sites Clo 
Not Do definitive that Do sulfate keep Do roots :::: realize. Do No I components, De may Do inform L 

cause ana Effiiict. converted Do to anaerobic Do & groundwater Di not Do in Doth is rfi:J>dJ Do fully 
sulfide, Do whicl shoots [j() aerolru movement. set Do alonm transferrable Do 
is Do dire~c. other Do sites. [ 

groundwater Do 
movement. DoN 
wild Do rice Do 
grown. 

4 =a 
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Figure CJ'ihe oa relationstfip:Jtl:oolfate, ca sulfide ca and ca iron cain ca surfabi ca water ca and ca sedir 


